N

. 5 o ) : . B
, ’ . e, DOGUNERT RESUNE - R |
. . [ ) " ’ . ‘ ;
ED 114 279 - - RN ' ' SE 019 756 . < ) |
- . 3 »
©  AUTHO® © Wilsonm, John-7.; Koran, Johr. J., Jr. ! S /
TITLE . pev*ew of Research an Ha‘hamagenlc Behavigr: . S .

... Ipplgcations for Teaching and 1earn1ng Science.’
s : "‘echn:.ca‘l report No. 7. ..

INSTITOTION ) Iowa Jmiv., Towa City. Sciernce Educatlon Center.
‘PUB DATE Sep 75 v ‘ \ : ‘ :
"NOTE ’ . 28p.7 This is an elaborated version of ED 097 203 N -
TDRS PRICE" MFP-$0.76 HC-$1.95 Plus Postage '
DESCRIPTORS ' Curriculunm; “ducathnal Research; Effectiwe “e!chlnq/\
, *IndtruCthn *Learning; Legarning Activities;
_ Learn"ng ’T’heor1°5° *Litaraturn Reviews; *Sc%nce-
. ) ‘Tduca+ion; achlng Me+thods °
IDEN IFIEPS - *Ha*hnmagen*c/BohaVLor° Fesearch Reports )
< ABSTRACT ‘ ' : ‘
/ ' mhig™ r°port dlscwbses mgthemagen*c behaviors, vhich .
N are aC‘lvitles‘that promote 1ea*n1ng During instruction these are. ) . 7

“he activities %hat)learners perfore wvhen confreonted with
instructional s+imuli. Three groups Jf hypo+thetic . rathemagenic .o
behaviors are discpssed: transld*ion, segmentagvon, anddprocessing. A
review of the 11+eratur° on pathemagenic beﬁav1§?>\y1th 57 ’
‘references, is glven, followed .by a discussiopn .0of the types of

’ instructional materials.and methods which hawe proved useful in v
integrating ma*hemagenlc research with instruction in scien One
T implication of this research is'that actlve b@hav1or on the par? of

(fhe student ,is essential.. 2lso discus'sed are ways to translate ‘
physical st1mu11 in%o effectlve stimuli by Se 1ncorporation of thke .
‘proper akolnt .of structure into classroom ac¥ivities,.anqd ways
teachers can capitalize on ma‘henaggnlb behaviors, such as using
ques*;on ‘mg techniques and activity- orlented labtoratories. (MLH) .

& A - .
4
[ ~ . - %
- .
- 3 . -
S ’ .
. RS . . D
'.- - 1
” -
N -
~ . "
. i ' .
. N R . . s
- .
’
. ¢ \ i
' Ne L} .‘ ' f‘
»
N - ' . 3 I . ¢

. ) .
N - . 1

**********ﬂ*i*********’****************************************‘****Q#

Documents acquired by TRIC 1nclude nany informal unpublished *
ra*terials not available from o*her sourc¥s. ERIC makes eyery effort *
to obtain-the best copy avaalable. Nevertheless, items of marginal =
reproducibility are often encoun;ered and *his affects the ‘quality =*
of the microfiched and hardcopy reproductions [ERIC rakes available. =
via 4he ERIC Document Reproduction Servide (ED®S). EﬁRS is not .
résponsible for the quallty of the orlglnal document. Reproductions

supplied by EDPS aré fhe best that ‘can“be made from the original.
******************}**************M**********************************

« , v »
. : . t - . P

Pl . . -
>

L

32N I B K B Sk 2

*
*
¢
*
*




» . . } |
¢
. .
. O .,
/ i
S~ v / - y
. ¢ ‘. . . , A, [y
-}! . ’ . . ¢ v . ¢
» «
. .\“ .
. . Vi . 1
— . - . .
- - «
1 e -— ¥ ‘ ” - . .
| 2 . . .
‘ " .
: !"\ ! - ; R
I v . * ¢ . ) v

. 1 - -
. \' -
. s . - . Al

-~
.

} , . o ".September 1975 g ‘ '

. S ' 4 -
- . > A .

: I8 ’?/‘ . . . » .
- [} L » v

. . US DEPARTMENT OF HEALTH M ;
. ODUCATION & WELFARE . . /'
, . TIONAL INSTITUTEOF B ©a )
’ “ . EOUCATION A . ’

+

“h ) DOCUMENT MAS BEEN REPRO- s .
. : . DUCED EXAC LY AS RECE VED fROM - .

THE PERSON OR ORGANIZATION OR'GIN ‘
o - | ATING T PQINTLOF VIEW OR OPMNIONS . P

SYATED DO NO™ NECESSARILY REPRE .

- SENTOFELCIAL NATIONAL INSTITUTE OF o N . . K
EDUCATION POSITION OR POLCY / - ‘

A . B . -"

’?'.
technical report 2 ° R

' REVIEW OF RESRARCH ON MATBEMAGENIC ., o,
" . BEHAVIOR: IMPLICATIONS POR - - /7
, ®~>TEACHING AND'LRARNING SCIENCE :

N

Q~ .
\ . - hd .
5“0 : ‘ . ' , . - . ‘ U ; e
) . - T . by L. .
R . . Joth T. Wilson . e
m . R | . . " aqd . .
. . . ( s . s L ' ! . ] , . ) /
. ' . ., _— ~ John.J.'Koran.- Jr, . !
) . . i D ‘. -
&, ] il ) ) L = ‘ -
. ‘4 : < ) ¢ . -+ ' - -
O ! b . -' - .
ERIC 3 ’ )

. . , (
- - ‘ - :




S~

&\

‘a

fhe Technical Reportg Series
" ¢ ' ¢

-~ )

The Technicai Report Series of the Science Education Center, Upiversgity
" of Iowa, was established by action of the facdulty during 1973. _ The series !
provides” a mechanism for communicating resnlts of rksearch, developmental
projects,.and philosophical investigations to others in Science Education.
The reportd include details and supporting information not often included .
in puhlicatibns in national journals .

Authors of technical reports include the faculty,” advanced graduate )
students,-alumni and fritnds of science education &t Iowa. Technical
reports are distributed to all major Science Educatfon Centers in the

" United. states. Reports are also generally available upon request for the
coSt of packéging agd mailing. . v,

1 4

»

Major (programs centered if Sciencéd Education at the U.nivez‘sity of
igwa inglude the following: Science Foundations, a cong, course in Liberal
Arts for undergraduates in education; a special concent¥ation in science

. for elementdry education majors; an undergraduate and graduate ‘sequence in
the histdry and philosophy of .science; a general’ scienc major in Liberal

Arts, in¢luding five emphases for secondary scienmce tea ing'(biology »
‘chemistty, earth science, envirommenta] studies, and physics); Iowa-U%STE?,
a model s8ix year sequence fot preparing new science teachers at the
. secondary levgl; undergraduate and graduate programs in environmental
studlesy Project ASSIST, a statewide curriculun impleme atton program for .
in-service teachersy SSTP, a suimer and academic -year prpgram series for. . o
¢highly interested and motivated secondary school studen 5 self-instruction
materials, including compdter-based programs. . S T
\ \J N

. Major research’thrusts at Iowa not reflected in the listing of’
special programs include: Piagetian Developmental Psychology, Kinetic
Analysig of Verbal Discolirse, Classroom Interaction Studies, Teacher
Skills and Attitudinal Studies. :

!
-

‘ Information concerning the Technical Report Series jcgn be received by i
‘Contacéing the Science Education Librarian, Room 470, SgienceaEducation .
Center, University of Iowa, Iowa City, lowa 52242. Lisgs of dissertation -1/
and thesis reports are available. Also, Field Serxvice Reports, Special
Project ASSIST Reports, reports of faculty resegrch, and material de'scribing
the various facets of the programs at Iowa are available from the same -
source.

<

Since the primary function of the Technical Report Series 1s" communi- \
» cation, comments fYom you and other consumers of the_series are solicited.

.
L 3

hY

t
’ \\h_ . . ! Robert E. Yager, Coordinator
- .. . ‘ , Schence Education Center
‘ University of Towa . . i




7 .

s
4

’ g
. < '
John T. Wilson
Assistegt Professor

‘Science Education Center

" University of Iowa '
Iowa City, lowa -

- . RN -

John J. Koran, Jr,
Professor and Chairman
Science Educgtion ‘Section

Division of Curriculum and Instruction
. Institute for the Development of

, Human Resources .
University of Florida
Gainesville, Florida

i
4

- f. \ ® -
¢
, .
. e
. P
-~ -
’ ] . £
. ~
- ]
t
‘: .
. B
!
Al
‘ .
4 N
>
. ~‘l - r.—.
. 4




. ) -
I} ‘ . ‘, - o .
. - * ' REVIEW OF RESEARCH ON MATMEMAGENIC BEHAVIOR: ¢
IR IMPLICATIONS FOR TEACHING AND LEARNING SCIENCE .
7 . " .

.
. ' I
[ - P . S
o ' 'Y ,
~ |’\‘ / 4 1
L _J
rl rd
~ / .
" .Table of Contents . i
) . . Page
Introduction ............C....................D.D'.....l......_ 1
- " \ A

4

Definition of Mathemagenic BehaVAOL. .. veveuylennssefenennn_ 4

« b
y

o Regearch on the bont:rol of Mathemagenic Activity ......e000e 7

,  Application of Mathgmagenic Research and
Theory to Science InStruction,..eeesessessossssosessaseanss. 12

- Instructional Materials and Metbods........‘...'....‘...3...... 14

¢

Refermces.............ooooj.'....................‘.‘.........o - 18

v _: ‘ - Q

. v

- R N -
. -
‘e

N . .
®
1]
1] ; /
‘:/
+
»
L )
" [
‘e
.
] »
o -
- -~ ‘
1]
- ’
/
\..
- /
2 . v, -~
< /
) -
' LT 4
L3

\. ~
' 6
\|
. v Y.
) .
. .
.




‘e

{

REVIEW OF RESEARCH ON MATHEMAGENIC BEHAVIOR:

. IMPLICATIONS POR TEACHING AND LEARNING SCIENCE* -
. ' .\ > ’ ‘ .
N B S , .
. ¢
s
~— -
< ' o i
/ L]
, K .
. ) /
¢ ‘ - ( . . ' .
? ¢
N P . & h
1 § <-: . rd
/ 7 I I oo
n - ) / £ ! "4 v
y N . _ -
* . R - v /
- / /
’ ' technical report ¥
/ : ¢ \
Lo i | AGE . . - ~ A r

‘.

\* This paper is an elaboration of the presentation made by the authors
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, INTRODUTTIQN (-
/ - - "' “‘SA X
lritten materials are Convenierit, easily produced and managed

— - - ‘

< M ’ . - '_,?-
instructional stimuli vhich increasingly form the ba¥is of %Estrycpion
‘ in science classrooms and sc}snce teacher education prégrams: Most .\\\\\\

L . ’ . .
science s#8lbrriculum projects have produced large quantities of written

.

materjals, for both learners and teachers. Textbooks, pamphlets,.
laboratqry manuals and equipmeﬁt, teaéher's guides,'programmeg in- 4 )

, struction, multi-media materials and case studies are all used widely ,
with all types of science studéhts under all kinds of cohditions. - ‘
7‘—_—‘__pec1fic materials are commonly selected for sciZ:;e classroors because'
the knawledge presentedﬂiz_f?e materials coincides with some se‘ cg ’
instructional objectives. Agz;nmion is rarely gi‘en to the codélexity
. of the,learning behaQLor 1mplicit in acquiring the instructional con-
tent of the materials. In.fact, Qany of the materials have bee; con~- °
strufteﬁ with-iittlgltbough;~as to how scientific knowledge and ideas ' Y.
are acquired, or‘what speEiﬁiq_varLations fdcilitate acquis}tion, o£ ~

a 1

L 4

. even how variations c6u1d‘be built into materials in order to maximize
T » A ’ N

learning., Hence, it is not\gyusual that matertals from a scignce(cuf-

i ) ~ . N . -
' riculum fail to praduce the expected effects in regular classroom

settings [1]; many astute teacher has found it necessary to make exten-'

s{ve reVisiops.: Neither're;is{ons, reconatr%%tiona, or yét impending |
. materials w{%i be able to promote higher levels of éuccess 1; xerﬁs of
rd ‘ 0
learner péffé?;ance uﬁless atten;ien is first given to the potential N
tﬁét written m&te*ials have to influence lear;;qg'behavior. Research ‘ '

- .
4 ' . .

on mathemagenic‘behavior'is concerned with: this relationship and hence
0 1]
’ /

. .relevant to- the’ teaching apd'learning of science. . \
. L} ' R

o

-t



* . . ~‘ . * » , to. ~ ,. . ) / )
"Science materials cah influence the learning activity by preségti‘

ing selected information in a fashion bélieved to be compatable with -

- . ’

. some .notions of acquisition. When learniné {3 assumed to accumulate

-
I3

in a pragression from simpler, prereduisi&s levels to more complex

\,levels, content should be arranged hierarchially{izlj Curricula such’

\aa E.S.C.P. and B.S.C.S. present information in seqﬁenCes congruent
* J ” N . N N B
|with structures within the science discipline. ' While these sequences
[} R - . ’ .

.Batisfy scholars, they are not superior in their ability to facilitate

_|learning [3]. Other curricula such.as Science - £ Process Approach

he ~ . B $ B ' .
%equencg their materials according to )rocess,pased hierarchies. These
\ ’ . . : . P )
* hierarchies, however, are Yimited to the content of the hierarchy
4 * .
and cannot be generalized to new content without empirical validation(l].

Other science hﬂteria}s such as 1.5.C.S. utilize programmed instruction

where éelected,‘sequenced, or repeated exposureé are used to control

.
~

acquisition. Here praé;ice and otller aspects of the learning activffy

are divided into relatfyély small discxete ‘events by instructional

eedback, and reinforcement.

"

—compoﬁenés including presentation, practicé,
(5] ALl of these, approaches to copgtructing/written science materials

gocus only on the rele&idngiips betwae; résented stimuli and resulting.

. . ] -

ob?ervable performances, negleqting many possible ways in which learners

srespond internally: Short segmants of programmed instruction seem to

’

. , & L
control the variance of acquisition among learners, but they also may

limit the range of internal léarner rehponses. This pgsesibility 1llum-
v [ -
\

inates why more comp X learning tasks, which are cﬁnsidered to be

«r -

dependent upon a wide eygf internal responses, are perhaps not

.




-

Further cornsideration must be ‘given to" the possibility that the

.
-

internal responses learners perform during 1nstruction are education-

ally #mportant and manageable. In addition, tactics for mapaging

“these 1nternal gkcivities may be more generalizable across contgnt

A

tasks than hypothetical hierarchies. . ff‘ft,ﬂ;

N - “

.

A plausible‘alternative approach to maximize learning is sug-
\

gested by Ausubel {6] in his work on advance organizers. He proposes
\ i 7 . - . R

&

2a

that meaniggfﬂl learning occurs when ghe intetnal processes of the
learnét associate nev,information with subsuming ¢oricepts alrea&y‘ “
in their cognitiwve structure. If suitable subsuming égpcepts do mot
.exist in the learnér's cognitive.structure prior to instruction, the”

- B ¢ 3y N ] ° ‘

concept can be‘'presented in advance: of *the new information as an

"advance organizer". The effectiveness of "advance organizers' has
- . > ’ . _’?\ - \

" been empirically dépkastrh;ed. [7,8,9). . |

. s

)

Alternatives like Ausubel’s advance organizers attempt to identify

the Iﬁiérnalqresponses learners make during 1psdfucrion,-explore the

PN . .
nature of these responses, and devise methods for managing them., Here
. v < Y -

-

internal responses are considered to be sensitive to external factors'

-

.
.

. in thatyihey can be directed or shaped by the.plaﬁgpenp of cues and

. - « - - I . ‘ .
prompts, such .as'questipns, directions, diagrams, and examqles, within

written material or oral'dialogue. Hence, materdal construcfon can
utilize cues and prompts to influence these internal responses in a

manner appropriate to attaining instructional objectives. For example,

these mechanisms may be selected to direct the learner into the vicin-

- ¢ ~, -
/ity of  the instructional material [10] , or guide his selecting and‘/.
) o .

P Rt/




~ * 7 »
bl - ‘
processihg of appropriate instructional content [11}, and possibly

-~

evenl shape his selection and processing of éppropriate stimulus
. v . »

L 4 .
: components [12,13,14]. All of the learner's responses, such as
. orienting, selecting, and p;ocessing, are activities classified as

/
-nathemagenic behavior.

-

N ' i .

‘Definition of Mathemagenic Behavior
. \4 -
R vThﬁ,term mathemagenic was introduced b§ Rothkopf and derived

- from two Greek roots, Mathema, which means "that which is learned"
and gignesthaiy’ whighmeans "to be born". Roughly translated math-
emagenic’behaviors ake activities which give birth to learning [15].

-~ M . 9

During instruction these are the actiVities learners perform when

v _confronted with instructional stimuli ‘and hence they are the be- .
. haviors whicﬁ181Ve birth to learning.
, In order to describe the relationship between mathemagenic be-
. * 3 ) . .

4
havior and how humans learn from written materials, a ditinction

' must be made between the physical stimulus presented.to the léarner
- M ' - . N
and the effective stimdlus éncodeq by the learner [16]. Thg\impli- .

- , TR §
cation of this gistinction is that the physical stimulus is not in .
P -

‘simple‘correSpondence to #he ‘encoded effective stimulus. The. gap ,
. l . .
that probably exists could be attributed to differential orientation
\ .
wi attention, irmformation prchssing of the physical stimulus, and the

I3 - ., B

like. Since the effective stimpli are the basis for all ;uSSequent '

learning activiﬁy, their character determines what is learned [17].

. The notions of effective stimuli need.not he—iiq}ted to written

. .
: . N

=

r




stimuli, but -may He extended to oral stimuli, or verbalization on

' o K
1
‘the part.of the .learher as a res it of a teachgx behavior in an
> L] - -7 . l‘ .
interactive situation which leads ito leafning. » /44_
N . < . . . v 1. > « ‘ ¢ . , «

’

A
. When learning from written dhoe:iﬁiﬁéhifarnerS\must perfovm

many mathemagenic activitiea coilectively iaéntified as reading.'

The mathemagenic activ}ties performed cén be{!oth observable or hy-

pothetical in nature. Ob§Ervab1e activities include ;\\entigg 7

3

activities which direct learners into thehvicinity,of ipstructioqal.‘* .

L4

objects and stimuli, keep them there for suitable time periods, and
- PR Iy

select and procure appropriate instructional objects once in the-

. -

vicinity (18]. Fypothetical activities nay also be performed and are,

in general, of greater interest to resegrch in view of their potential

¢ »

to facilitate 1earni7§.

Three, grioups of hypothetical 6§themagepic behaviors are: traps-

[l
o

lation, segmentatién and processing.. During translation iearners

scan the written page and translate the alphabetic display into the -
sound of words ot thedir subvocal surrogates. This process p;ecedes'
éncoding, and if the material is too dtfficult a result may be dis-
Qrientétion: an observable mathemagenic acgivitx 1ea§ing avay from '\'
the instructional goal.: Segmgntation occurs when the learner breaks
down stimulus strings into gxﬂtactic and other unit tomponents [19].

. 2 . . : .
The protedure attempts to account for the formulation of meaningfaul
. S

associative units within sentences as well as the more complex units

associated between sentences. Finally, processing includes the .
r 14 ' -J(
variety of mental activities learners perform with iBformation such
- \ ‘ A
P

v

.

’

ey

[




‘ . ’ o

. . hd
‘

as reviewing, categorizing, elaboratimg, devising mnemoni¢ associations,

. and other information processing'ggtiv;tiéh [20]. ‘ﬁhes; activities
function to elaborate ways, learners can imcorporate prior iearniqgs

1Q£: otherqfse:unfamiliar,wrftten stimuli... They may account for
L3 hd b q .
80

of the variance bétweeh\individual performances resulting‘from .
‘ . » - .

_—1 ‘°

éxposure'to identical stimuli.- ‘Résearch in each of the'aféremen— .

<

.t . . L]
® -

t{oned areas makes the assumption thai“thgse activities are persistent,

topographical, exﬁibit\ra%é characteris%ics/ and are modifiable by <
certain environmental events. o ‘

) . .o, . . . ~ \‘ ~ .
In order for-.mathemagenic hypotheses to become functional, ways b

«r oL

to influence learning behaviéis must bé’identified. Since these
S i : o . S
behaviors are basically’'sensitive to elements, withia the physical -

AN

- LY . .
stimulus, variations within this qgimnlus can be incorporated which =~ = )

! v - ,
N N

-exe:t influence dp?n selected matHemagenic behavieia In tﬁis‘sense, o
- r . . ‘L R \
the SBysacal stimulus can be designed to inelude prompts and cues

4

that shape the matﬁemaQEnic'behavior. The success of their influence

L4

-

upoﬁ specific mathemag:;}c activity follows ;F! notion that the be-

haviors can be shaped. However, implicit in this. notion is that the

léarng; responds in a manner guided by stimulh ang reinforceé by
the s;ccess of his penerating suitébﬁe responsgs. Ce;tain cuing
or prompting techﬂiqﬁes can be assoéiaééd with each beha;ior identified
above.” Segmentation may be influenced by sentence order and relationa}\,

wordage, including verb selection, tense, or proximity of key parts,.

v

within thé sentence [21]."Translation may be 1nflugnced by exposing "

lgarners to audio models of stimulus strings or underlying groups - ¢ -

-
L4
[
'
©
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. .

. L, - . ~
of words tﬂﬁt receive special emphasip by influenced by directions, 4

v
. 4 -

test liLe events, and other cues which direct attention or review//

-

ectivity toward _importany. Tlasses of information within the’ reading
P

’ activity% N \:' ‘ on " >
. . 4 . «* ’
. } Research on the Control of Mathemagenic Activity
v ¥ . r'd ¢
Dnterest in mathemagenic activity gtew out of the use of questions
. % @ \ - .

. within frameslof programmed materials. Variations in-question place-

ment, frequency of questionning, and predictability of gpsponse

ot

were found to influence pafﬁprmance in- terms of acqursifibn and reten~ }

S » .
tion‘of informatipn [22]. The possibilit exists th#t the practice
o, ’ ' .. N ) o Vs .
and repetition resulting from answering- content loaded\questions he . '
\ . ’ ,“ ) . ’ *

can directly influence acquibition.-.These direct instructional effects -

« Vi . 5. <
have been reported by many studi;sv[23,24,25.2@;27,28}. However, )

differences in acquisition occurring when only question Elacement was .

- varjed indicates that the mathemagenic activity may alsp | be influenced. o

Studies of mathemagenic activity and*factors that influence thém

. . \
may ultimately describe,’from a generalizable perspective, ways to «
facilitate learning.- ’ .
1 "‘* ‘ \ . ' » . ’ L d 4
Directions are one type'of instructional factor which seems
N ’ . . A ‘
to influence mathemagenic agtivities. Generally, research with g ..

' -,

'directions'have dealt with either directions of intent or manipula~

A

tive directions for influencing.search activity. The following are

Vit
-

some specific research findings concerning directions; ’

- Postman and .Sandérs [29]. Direcﬂ!ans to led&n*specific_claéses
of information from text materials may .influen¢e learning;
- facilitation is’ pot always in keeping with the intent of v
the directions. |

S




.
.

~
v \ é" .
-~ 4
. . .
v AN
. _ -
T Bruning [30], Rothkopf [31], Tenenberg [32] Vague oratory '

: directions of. intent affect 1eatner s mathemagenic activity
asgociated with reading sufficiently to evaluate post ¢
) test peerrmance . Lo

-
. .
- . " -

ﬂ Frase [33]. Specific directions to find certain items of
¢ , information in a- ‘test can also ianUence incidental .
: learning’ in’ addition 'to the direct-acquisition of relevant : -\
ﬁtems, . .
- / - : . ’ . e
. Variation in senténce order andﬂrepetition‘of“informatibn have LN
A . . -
been fbund to alter inspectionr behavior, a mathemagenic activity
. . .

A e -
[

. . - associdted with reading. The folloving are some specific research ,

. findings concerning this observation.

!
I - . a

- Rothkopf and Coke™ [34]. When paesages previded irmediate R
repetition of sentences containing key attributive\infor~
mation, “poqr retention resulted even when the phrasing-

of the repeated sentence had been changed upon repetition.. )

. . .. *
s ‘ .

- N A
\

. penerally, studies using questions ara-incldental learning . .

¢ - , studies whd&e pefformances are measured on a seconJ set of questions

) sipilar.to the experimental_qqestions. The experimental questions,

LI > . \
. ofteh referred to .as adjunce questions, are thvse placed at varipus ' i
)
|
|

locationb~within/£he‘instructiona} text materiel itself. towever,

-

¢ . . M
4. " the information necessiry to amswer the second set of questions, (i

|
: usually inclu on a post<test with the experimental questions, 'is . ‘

identifted as inform?tion incidentl to the eiperinental que;tiﬁhs. , o |
. ~ N . * |
b Y Hence, if agmathemagen(c activity’, such as inspection benavior{ has ) ‘

been influenced positively, the subjects receiving the expériqen{gly‘

[ . . ’ T
.

questions ihserted into thé instructional m?Lerial ought tp acquire .

" . more inc{dental information than those_subjects who do not receive S
.r' ‘ s - \ i

. the experimentai questions. In this manner, any meésured éMangg
- . . o

’ //éetween groups cannot be attributed to direct instructional effects » s\

’
. » ‘ .

of the ekperimengal'question's content. - _
a/\“ . ! ’




| 9
1 . ' : .
| \d o, A
N V4 7
’ N An important characterlstic of questions islaheir poeition in
; . .
. < the text relative to the intended content. Arple evidence is anil—
\\ ' able to support the findires that_a simple change in position can
radica}ly transf~rr cense uent behaviars associated with read.ng.
* . . . , < .’ -
Thekfolioving are - s speeific research findins. concarnine Yosition
. * ' . 3 v *
. of insertec queqtions ) o ) oo - -
. * A} . -
‘ urunin« E36], Trase 117 321; Pothkopf [30], Pothkopf apd
. and Bishicos [47]. Txperirental questions édninigtered , e
. “after inSpecting text segnents to vhich they are relevant
. , . produce significant gains in incidental learnidyg., ;

\ ]

. Frase [41]; Rothkopf [42). Ouestions when placed beford ...
. . relevant text material were found to provide sigrificant E-
« - . depresiiny effects on acquﬁsition of incidental legrning

v Frase[43,44]. As the puroose of questions.placed after the -
. , Yelevant segmefits of readings increased, acquigition of
. both <incidental and intended information increased
’ i
Questions asked in school learning situations elicit simple to
- s ] ’ 4 . : P
. comp lex responses. Powever,.taxonomies‘currently in popukar use

- ‘ [

. lack the precision needed in order to identify or.soecify these’

levels of response [45].' Therefore, most experimental research

-

. . . B . . ¢ N . .
Chich variee the ' type or categroy of question has required each e
- researcher~tb operationally define levels of responge., These are
.." ‘ ‘ i * l’ -
“sote of the specific findings in this area. : ‘
v )
i

-

Rothkopf and Bisbicod "[46]. Ouestions were defined in terms

of eliciting definitions of common or  technical terms.

Groups expanded to inserted questions with tecg:;:al

terms had higher recall of other technical’ ser

t : v .

’ Frase [47]. Questiona,were'defined as comparative, specific,
or general and all were rated by the learner according. to
the amount of information within the written passages,
corrected to be relevant to answering the question.’ Ratings

+ . . . -

. . a N o
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indicated that the tmmber 6f wbrdu prq5cribed as necessary
e 0 to answver, questions increased in ‘order to specific ques-
P tions, comparative questipns, and the general questions.

.~ Prase [48). The acqutsitioh of int nded and incidental in~- |

ook formation was found to be a function of level of - complexity

P ) of quegtion, here, less learning occurréd with general ,
‘. questions than cdmparative queptions with theamost oo~
- - = curripg with specific quéstioﬂs
, Watts and- Anderson [49] _Subjects given higher order qués-
tions (application) versus recall and comprehension per-
- . & formed better on all)categories of post-test questions.
. The relationship between question type and the amount of sinilar

4

information is also’an important consideration. ,Jf the phrase
:l N I - -

) contains little in{ormation of a nature similar to, the ‘type of respogse

required, then- the response becomes pighly predictable, influéncing
4 « s oot N LI

’ inspection behavior to seek out only a few items ‘of information,

vﬁ.'

’ Y

’{Specific research findiags 1nclude®ne follewing: ) .\‘ )
L/ ’ .
e " Rothkopf [50]; Watts and Anderson {51]. Subjects given

. % highly predictable response questions recalled signifi- -

. ‘ cantly less incidental in£ormation than subjects whose
’\\\ ) \\ © responsés were less predictable. . :
. \ - L
) . ' ‘ L4 = . ) i

— . ' fhe‘learning resulting from.inserted questions can alsq be” .

agsociated with various individual learner chargcteristics. Here,

. , >

findings support the notion thdt instrudtional ‘variables such asl

"\— ¢ +
' the pacihg of questions caﬂ'enablb leanners to capitalize on various
. learning characteristics and.aptitudes. Spéci}ic research findings
here include the following: Ty ‘ . ’ - (.
. \ .o N ,
= Koran, M.L. and Koran, J.J. Jr. [52]. Measures of learmer )
d L associative ftemory abilities were positively related to -
performance when subjects received inserted quesfions, but
unrelated when they received no ingerted questions.
,./ - ¢ Lo ! .
’ .. (
!
" * ®
I - - ! . ) '3‘
\ . £ -R

A
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Wils [gg]. Measures of léar&er associkative méﬁqry abilities
were positively related to performance when subjects re-~

cefved inserted questions based on textual information, bqi .

not|when inserted questions were based on diagrammatic in-
formation, or'when questions were nét inserted. -

It Ras been assumed that questionsﬂigfluenée behavior sugsequent

I 3

* to the insérted questibns, a process identified as forward shaping.

Y

’

However; questions may-also serve to influence the learner to mentally
. , T * — [ ]

v~reviev'the informaEion he ‘considered relevant. The following re-

search considers thié,alternativé exﬁlanatiqn: '

Watts and Anderson (54]. "Forward shaping” theories - .
i behavioxs subsequent to insertqd questions are modified, '

’ "Backward review" behaviors are utilized after exposure

. . - T

. tp materials as with post-questions,
. . 4 . ~
The effects of inserted qlestions in written pasgages provides
1 . -

[y

a means to contrast acquisition of intended and incidental learning.
Here, success in answering the intended inserted qdﬁstfons is directly

’ N \
related to and the performance on the incidental, post~test questions,

"

Specific research findings include the following: &

- v . .
Wilson [55]. Ahsvering,inserté%%questions'about diagrams was
found to be ﬁositive}y related tp acquisition of incidental
diagrammatic information; a positive, but weaker relation-’
ship was found also between inserted textual questions
N and acquisition’of incidental diagramatic information.//;r
.o o e ., oo
Wilpoufé research is consigtent with the notion:that an ad@iﬁional

¥ Te

!
’

.

sy [ ¢l ¥ ' " '
multiplier 1s involved when’ considering the relative fdc{litative

- PR L “~

. ' . o . .
effects of inserted quéstions upon intended versus incidental learning.*

This multipliér refers to the fact Ehat the intended information,

“

as measured by the intended post-test questions, represents a limited
\ )

>

* 4

*E.Z, RdthkOpf, personal communication

»

-
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! sample of content .while the incidental information, reoresents a X

s

‘much larger sized universe of content. Subjects in: the treatment * .

- groups with the intended insérted questions are cqu\to the i&forma-

tion.neceasary.for acquisition in order to produce better post-test

- ™' . performarces. Theréfore, tpey can attend to less information than

» L‘ \ N : L. .
. ' subjects in pother treatments would hmw '1consider In order to
,’ ‘. e ‘ 1Y . \." ’ -
'achieve the same post-test perform#nce. A4s a resuit4 it 1is hard to

- 4

tell how powerful the influence of inserted questions really is on

these two performances, even when the post-test questions are the

Ffame. ‘ \/"-7) ! . ‘ » .

| - a . -
. B . '_ . - \
s, ‘ Application of Mathemagenic : ) L
) » T Research and Theory to Scierce Instruction)
” T Discussiona of scieﬂce instruction must not be limited to a

\ ' . . e . 2 . . -~ .
o narrow view confined to identifying content, specific techniques and . *

démemstrations, and "necessary'$prerequisites. thile these variables . ., "’

have nonopolized a great portion of concern in science instruction,

Ld

they alone account for very little of the instructional differerices

’ /l
in instructional effec:iveness. Beyond ‘these factors, mathemagenic

research has established that differemt instructional s-que ces,

patterns of questionning, naterial nodes, and other i -truetion:}]

»

tcckniqure are not equallv offective in terns of facilitating -

learning. Research implications (see Berli{ner and Cahen [56] ) sug- -

gest that a patgern of instrucfion may actually linit student achieve-'

. : - .
.

.
. .ment, a phenomena sometimes referred ta as a "ceiling effect". CSome /
LA ‘ - |

-

[y

of the ?Gplications of’mathema&enic'research will help identify which

. . ! ¢
- ’ «
’ \v ’ ’
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to redesirn sclence instruction and curricular materials.

=~ »

Rothkopf [57] suggestq the folldiing generalizations abodt

-

3 L}

instruction, based on thekforegoing research and theorv. \ , ’;”///
1) "One way of fostéring effective mathemagenic activities is |

to'make sure the student knows what heig ﬁupposed to learn." ™

2) "Ptovidiny students with very explicit descriptions.af o ) .
what they gre supposed-te learn ‘has poverful pedagogical s
impact." o . o ‘

3) "Students that areqieeuired to draw inferences from the
instructional materiais’thgough use-of duestiqns o} exer-

P

ciges, .and are stimulated to go in other ways beyond the o

information' given, have been found to remember more and -

are .able to §$piy their knouledge in & greater variety

of circamstances.” . N . .

.
-

4) "Active participatipn through questions and other similar

)

. instructional devices is of particular importanCe for ’

. students who are having difficulty, or whose study efficiency

.is deteriorating.” | ¢ . . .

(Y

.5) "Creéting and maintaining appropriate motivational states is
not sufficient for_learning success although this ig

frequenély claimed in the apologetics of instructional
(

failures. Pxperimental'evidence suggests strongly that

the student's ihtention to learn is neither sufficient nor

» . L4




o

» I /4
in many.circuﬂbtances even necessary for achievemeng of /

instructional goals even'in.self-instru&tidnal‘sifuatigpov, »

)Learning has been shown tq.depend on fairly ipeéific activi] ea

by the students which are rot necessarily brought about t o

by simply motivating the student's desire to learn. \
\ w -
. 6) "An effective instructional environment supports not only

.

positive attitude towards the improvement of skills, but

_induggs an@lmaintains the intell;ctual meneuvers that aid

. : in}the desired learning and result in useful symbolic
representations.in the students‘memory." -
. -t o

. \Instructional Materials and Methods, » ) ,

Four general phases of instruction can ge iaentified which prove

to be useful in.int;grating math;magenic regearch with instruction im

science. These phases are (1) acquisition; (l) performance, (3) pé;c- i

. tice-retention, (4) transfer-generalizability ACquisition refe;s - ’
& ) .

“to acttvities involving initial encounters with content followed by
a performance situation where the student demonstrates what he has
acquired. Practice includes activities where additional encbunters

vith the content occur prodeing a means tQ increase levels qof

*
acquisition.. Transfer activities genqrally focus the utilizing from
. ¢ . an apﬁlication of the content to ned'contents. ' " | .
A * v ’
. . Considering/first Rothkopf's general suggestions focusing *

¢
'student attention on what is to be learned does not need ,to preclude

.
e 2 . .

particular school objectives for instance science objectives supn

s }

. as'exploration, inquiry or the like. Ratner these vould occur at

-

l
| -
\
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.times when the learner has been prepared for them. In clrricula

v

. . \
e such as-Science-A Process Approach, SCIS and ESS major objectives

are to stimulate process activities and conceptual and process acqui-
* M )

, sition. 1In the above model fjcusing would occur during the acquisi- .o
tion of gkills étage, subsequently students could demonstrate the
knowledge and skills acquired, practice them,.diverge from them,

.« _ . and enter. into exploration of new phenomena while using them. -A
v ) . -

similar interpretation could be éxtended to hppe} grade levels of science,
N :

instruction dnly preater emphisis would probably occur in the per-

formance, practice and transfer catégories, assuming some prior

knowlédge., ,

—

In all of the above phaazé, as in all phages of instruction,

-

active participation appears essential. Students must attend to

L instructional materials and to interactive instructional methods.
: T ‘ e

Again, in science a pre~lab (Chem study, ESCP) or a single comcept
£1lm (BSCé)! case studies or programmed materials (project physics) .
and excursions (;SCS) dﬁgllenge the teachers to elicit acti

. - ticipation, To foster this in the classroom context, activity ori-

.

"'par-— .

ented laboratories, questioning, responding to external stimali, ¢ .

. ,,‘er"-l ) R
such as Hata cqllection; collating and interpretation are,all worth- Coe
‘ ) > _ - o
* while methdds. However, befdre these occur one must be Bure that

wl N
7m1nimal acquisition of 8kills has occurred and a demonstration
‘ ~ RN * ’ n ¢
of their acquisition (perfotmance) recorded. The classrogé envirod~

-

’

»

. . , . 2 '
" ‘ment c#n be arranged for each of "these. ' B )JV//‘
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School texbooks for the most part are constructed in such a
. )

way that they prouidé ample opportynity for, teacher intervention

]

v A N / - .
in attempts to capithlize on mathemagenic behavior. For one thing,

L

- 4

even though important terminology is highlighted, teachers may need
to ask questions, derive relationships, and discuss meanings. Stu~
dents should be tauéé%_that the highlighting as ad instructional

function. Similarly, ample diagrams and exaﬂZles can be found in

texts such as science, social s\gﬂies, and others. Again, . 1ig’ order

for these to become effective stimuli d%udents must be directed to
o o o

_thenm, a@tend to them, and at least covertly respond to thenm. Finally,

questions at the end of each chap er can be useﬂ as backward review
components 1f students'are difected to the releyant sspects of these’
questions. The'tescherfh.job here is to stimulate mental review

and‘processing through discussion, student-student interaction and

the léke. - . R
The_gmphasis of mathenagenictresearch is on.facilitating the
\ ’

~

translation of physical stimuli to effective stimuli. The mechanisms

. -

suggested generally imply atructure: cues and prompts,fnuestions,

directions, diayrams, examples, .directions, objectives, reviewing,

‘categorizing and elaborating. These appear to have implications

for how a classroom should be run — or what the environment or
. N 1]

climate should be 1ike. Open classrooms, classrooms without walls,

and overly flexible and unstructured environments would geem to be

"the least appropriate settings for educating the average student,

v

It has, however, been generally shown in learning research that low

"to average students require more structure than above average students,

!‘\:

16
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Structure is also reflected in almost all school curricula pregently

. s ’
~in use in that studentd are required to read, if only directions,
: ‘ { [

" encode and perform. The classroom environment needs to be sufficiently
3

o ) controlled 8o that average students have the best opportunity pos- -
J sible to succeed. Forlinstan personal obserzation of supposedly
"self-paced" programs in.scie:j:\classes guggests a tremendous burden
* on student reading skills as they work "iﬁdependently through work-

=

) books, Most students do not have these skills adequately developed.

,

Open envriopments only qagnify the problems and reduce the teacher's
¢ » g ] ’
opportunity to stimulate mathemagenic behaviors, that might optimize
‘ '& ’ Pa
the ougput from reading., r -
Ig conclusion, this has been an all too brief attempt to relate
‘ L3

, research, ﬂgheory and practice., Gross generalizations are never wise

’-"

because someone San alwvays be gfunted upon to present a personal

-

experience contrary” to research findings, theory, and the authors'
, 1
experiences, Hoéever, for the sake of discussion and professional

stimulation, areas have been presented and discussed, here for which ﬂ:

- Se

there are arguments pro and con. Vhoever is correct,vit.must be

-

Y
kept in mind that the objective of instruction ig 1earning and the L
purpose of schools is to provide a setting in which this can take

place. Methods naterials and teachers should be gelected for their

. ability to bring about learnin?. Although there may be many other

-

noble goals or objectives ascribed to the schools, these authors

vill be satisfied 1f ve achieve the purpnse of producing and facilita-
) .

. - ting learning.

[N
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